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Abstract 
The anti-compression capability of gangue affects the controlling effect of coal mining with gangue backfilling obviously. 
Meanwhile, the anti-compression capability of gangue depends on their gradation characteristics. Taking the filling gangue of 
backfilling mining face No. 1603 in Jisan coal mine as a case study, an in-situ experiment is conducted with the gangue of 
underground mine by sieving method, and the composition characteristic of the gangue is obtained. Based on this, gangue 
gradation is optimized by continuous gradation theory. The result shows that 1) the original gangue has a clear gradation flaw: 
with a high content of large-sized particles and a low content of small-sized particles; 2) the gangue after continuous gradation 
has a better anti-compression than original ones; and 3) when the index of Talbol formula is 0.4, the anti-compression capability 
is the best, with an increase of 21% compared to the original gangue. 
 
hÉóïçêÇë: gangue backfilling; mining subsidence; gangue gradation optimization 
1. Introduction 
Coal mining with gangue backfilling is one of the techniques to control surface subsidence, which has a rapid 
development recently. Many research works have been done and some achievements have been made[1-4]. The 
gangue backfilling technique is quite possible to provide a new thinking for “coal mining under buildings, water 
bodies, railways”. However, the feasibility of using this method depends largely on the basic studies of related 
subjects. Studies show that the effect of surface subsidence controlling by gangue filling depends on the 
anti-compression property of backfilling bodies. As a granular structure material, gangue gradation characteristic 
has a deterministic effect on its compression capability. According to the gangue of backfilling mining face No. 
1603 in Jisan coal mine, in-situ screening experiment is carried out followed by tests and optimization on 
compression property of gangue. The results are helpful in building a foundation for evaluation of the gangue filling.  
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=2. Original gradation characteristics of gangue 
OKNK=páÉîáåÖ=ãÉíÜçÇ= =
Sieving tests are carried out with self-made sieves. Nine sieves were used for different sizes: 150mm, 125mm, 
100mm, 75mm, 50mm, 25mm, 10mm, 5mm and 2.5mm. The method used here is sieving residues approach. That 
is, weighting the gangue and putting the gangue on the 150mm sieve. By doing so, the weight of gangue whose 
diameters are larger than 150mm is obtained and then the largest diameter of this portion is measured. After that, the 
residues should be put on the 125mm sieve to get the weight of gangue whose diameters are between 125mm to 
150mm. Go on doing this, the weights of each size group can be got. 
The sieving gangue are from the backfilling mining face No. 1603 in Jisan coal mine, In view that the gangues is 
easy to break during transportation, the gangue near the filling heading face is chosen for the position of sieving 
experiment.  
The gangue in No. 1603 mining face is grey black siltstone, containing some siderite, with an average nature 
density of 2.66g/cm3 and a containing a little hydrophilic mineral. The 16-day disintegration tests show that the 
disintegration quantity is nearly zero. In addition, the gangue has an average cohesion of 4.6MPa, an internal friction 
angle of 33°, an anti-compression capability of 66.2MPa, a deformation modulus of 13.5GPa, and a poisson ratio of 
0.22. 
OKOK=dê~Ç~íáçå=ÅÜ~ê~ÅíÉêáëíáÅ=çÑ=çêáÖáå~ä=Ö~åÖìÉ=
OKOKNK=fåíìáíáîÉ=~å~äóëáë=çÑ=íÜÉ=çêáÖáå~ä=Ö~åÖìÉ=Öê~Ç~íáçå=ÅÜ~ê~ÅíÉêáëíáÅë= =
The gangue in 1603 working face is the product of excavation, its characteristics are as follows:   
(1) Multi-angular and irregular shape, strip-like, ova-like and flaky in shape; grey-black in color; slightly damp;  
(2) It has a big difference in particle size, with the largest particle size is more than 400mm (top size in the 
sieving experiment is 460mm) and the smallest particle size is less than 2.5mm, the large-sized particles are 
dominant; 
(3) The gangue accumulates as a slope around 30 ° at the filling heading;  
(4) On the roadway cross-section, the sizes of gangue are unevenly distributed. In general, particle sizes have a 
trend of gradually increasing from top to bottom; 
(5) The porosity and particle size of gangue at the same height of the roadway are basically the same;  
(6) Lots of pores exist in the particles, with the size increase gradually from top to bottom of the roadway;  
(7) Gangue feels a little humid, which depends on the moisture of gangue, as well as the volume of the sprinkled 
water in the process of filling;  
(8) There is a gap about 400mm between the top of the roadway and the backfill. It is mainly because the 
roadway of 1603 face is relatively high (6.0m); 
(9) Filling gangue particles are mutually occluded, and in the middle and upper area, obvious gradation 
characteristics can be seen;  
(10) Repeatable filling tests show that the particle size distribution of filling gangue along the roadway direction 
is relatively stable.  
OKOKOK=^å~äóëáë=çÑ=íÜÉ=çêáÖáå~ä=Ö~åÖìÉ=Öê~Ç~íáçå=ÅÜ~ê~ÅíÉêáëíáÅë=
Taking the particle size of sieving gangue as the horizontal axis and the percentage of each size as the vertical 
axis, gradation map of gangue at different heights of the roadway can be made. In the meantime, averaging the 
content of gangue in the same size group, the mean gradation of filling gangue can be obtained (Fig 1).  
The figure shows that, the component of diameter between 50 and 70 mm is the dominant one in the particle size 
distribution of gangue, which accounts for 22%, that smaller than 5 mm accounts for 7%, and that greater than 150 
mm accounts for 14%. Particles of all other sizes account for a small percentage. Based on figure 1, the non-uniform 
Cu and curvature coefficient Cc are calculated respectively, resulting in Cu =8.8 and Cc = 1.1, much different from 
Cu >10 and Cc = 1-3 which are thought to be the standard value for good gradation. Therefore, the flaw in gradation 
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of gangue particles is obvious.   
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Fig. 1. Mean gradation of filling gangue 
OKPK=^åíáJÅçãéêÉëëáçå=Å~é~Äáäáíó=çÑ=çêáÖáå~ä=Ö~åÖìÉ=
Based on the obtained gradation characteristics of gangue, the compression of gangue in 1603 mining face is 
tested by the similar gradation method proposed in reference [6] (The particle size reduced six times in this 
experiment). Figure 2 is the stress-strain curve of gangue in the experiment. 
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Fig. 2. The stress-strain relationship of original gangue in compression experiment 
From the figure 2, it can be seen that the compression of gangue increases rapidly in the early stage, the 
stress-strain curve is nearly a straight line. In this stage, the compaction is mainly because the decrease of the space 
of pores inside the gangue; with the increase of pressure, the strain gradually slows down mainly due to pores being 
nearly compacted and the breaking-caused gradation improvement. Using the software DPS[5], fitting the 
stress-strain relation, the relationship between stress and strain is obtained as equation (1):  
ε
σ 9.144.111
25269
−+
=
É = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ENF=
Where σ is the stress; and ε  the strain. 
In practice, if the rock pressure is set to 2.5MPa/100m, compressive strain with different mining depths can be 
worked out (Table 1). 
Table 1. The compressive strain of gangue versus at different depths 
Mining depth 200 m 400 m 600 m 800 m 
Strain 0.18 0.25 0.26 0.28 
3. Study of the gradation optimization of original gangue 
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=PKNK=dê~Ç~íáçå=çéíáãáò~íáçå=çÑ=çêáÖáå~ä=Ö~åÖìÉ=
The study above shows, under rock pressure, the strain of original gangue sometimes can’t meet the requirement 
of controlling mining subsidence. In this case, it is necessary to reduce their compression ratio. The compressive 
property of gangue relates to their sizes, shapes, gradation, density, the nature of parent rocks, moisture content, and 
so on. However, for a certain mining area, the physical, mechanical and water-physical properties of gangue are 
relatively unchangeable while the size and gradation of gangue are more easily to change. The study on 
coarse-grained soils and broken stones also shows that the compression of granular materials is closely related with 
their gradation. Therefore, the anti-compression capability could be improved through optimizing the gangue’ 
gradation. 
The results of laboratory tests and field measurement show that the anti-compression of continuous gradation 
granular materials is better than that of the material without continuous gradation [6]. So the continuous gradation 
program is tried to optimize the gradation of gangue. The common gradation methods include Fuller theory, Talbol 
theory, i method and k method, etc. Here the Talbol formula is selected,  
å
a
Ç
m )(100=
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = EOF=
Where P is the gangue passing rate of each size group; d the diameter of each size group; D the max diameter; and n 
the exponential. 
In using this formula for gradation optimization, the key step is to determine the index n. So, different schemes of 
cylinder compression tests are designed for different values of n (Table 2). The gangue used for test is the sieving 
gangue mentioned above. 
Table 2. The compression tests for continuous gradation of gangue 
The value of n  n=0.3 (%) n=0.4 (%) n=0.5 (%) n=0.6 (%) n=0.7 (%) n=0.8 (%) 
25~20mm 6 9 11 13 14 16 
20~15mm 8 9 12 13 16 18 
15~10mm 10 13 14 16 17 18 
10~5mm 18 16 18 20 21 20 
<5mm 62 53 45 38 32 28 
(Note: The contents in table are the percentage of weight in different diameters.) 
According to table 2, compression tests of gangue with different n are conducted, figure 3 is the output curves of 
stress-strain relationship with different n. 
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Fig. 3. The stress-strain relationship curves of gangue with different n 
After analysis on figure 3, conclusions can be made as follows: 
(1) The value n in Talbol formula has a great effect on the compression volume of continuous gradation of 
gangue. For n=0.4, the compression volume reaches the minimum; for n=0.6, it reaches the maximum; for n=0.7 and 
n=0.8, the compression volumes are nearly the same, only having a certain difference in strain at the beginning, 
namely, the strain of gangue with n=0.7 is greater than that with n=0.8. 
(2) For n=0.4 and n=0.6, the strain of gangue is characterized by: increasing at first and decreasing then. The 
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 increase of strain reaches 45% when the stress is 2.5Mpa and when the stress increases to 5Mpa, it reaches 50%, the 
peak value. After that, the increasing amplitude of strain decreases with the increase of stress, and when the stress is 
20Mpa, the increase of strain is 33%. So it can be concluded that, as for continuous gradation, the effect of gradation 
of gangue on compression is significant under lower stress. 
(3) Under different stresses, the sequence about the compression of gangue is that, in the order from great to 
small, n=0.6>n=0.7,0.8>n=0.5>n=0.3>n=0.4; generally, the content of fine-sized material decreases with the 
increase of n; however, the relationship between stress and strain does not follow this rule, showing that the 
stress-strain relationship of gangue is related not only to the content of fine materials but also to the gradation of 
gangue particles. 
(4) Under the conditions of continuous gradation of gangue, the anti-compression capability reaches the strongest 
when n is 0.4. 
PKOK=`çãé~êáëçå=ÄÉíïÉÉå=çéíáãáòÉÇ=Öê~Ç~íáçå=~åÇ=çêáÖáå~ä=Öê~Ç~íáçå=
When the index n in the Talbol formula is 0.4, the compressive strain of gangue reaches the smallest, which 
means that the gradation for n=0.4 is the optimized gradation. In order to explain such characteristics further, the 
original gradation and optimized gradation of gangue are compared (Fig 4) 
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Fig. 4. Comparison between original gangue and optimized gangue 
Compared with optimized gradation of gangue in figure 4, the main gradation defect of original gangue is caused 
by a high content of coarse-grained particles, with most of which are longer than150mm or between 50mm and 
75mm in diameter. The very low content of fine-grained particles (less than 2.5mm) is also responsible for the 
gradation defect. In addition, the content of particles having a diameter between 75mm and 150mm is also lower 
than that of the gangue having continuous gradation. So, in order to control the mining subsidence well, the gangue 
whose diameter is longer than 150mm should be broke into the one between 75mm and 150mm. Besides, the 
content of gangue whose diameter is smaller than 2.5 mm should be increased by adding fly ash and loess. 
Meanwhile, compression strain is contrasted between original gangue and optimized gangue in different pressure 
on 5MPa, 10MPa, 15MPa, and 20MPa (Table 3). 
Table 3. Contrast of compressive strain of original gangue and optimized gangue 
Stress 5MPa 10MPa 15MPa 20MPa 
Compressive strain of original gradation 0.15 0.18 0.20 0.21 
Compressive strain of optimized gradation 0.19 0.25 0.26 0.28 
Reduction of strain (%) 21 28 23 25 
From table 3, it can be seen that after optimizing the gradation of original gangue, their capacities of 
anti-compression are enhanced significantly with 21% or more. In practical gangue backfilling, if the protected 
grade of surface buildings is very high or a direct gangue backfilling cannot meet the requirement for controlling 
ground subsidence, optimizing the gradation of gangues is a good choice to achieve the required effect. 
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=4. Conclusions 
Through the in-situ sieving and cylinder compression experiment, conclusions are made as follows: 
(1) Gangue accumulates as a slope about 30° at the roadway cross-section; the size of gangue particles is 
unevenly distributed, with fine-grained particles distributed on upper area and coarse-grained at bottom, making the 
pores clearly increase from upper to the lower. The flaw of gangue gradation is obvious, with the number for 
coefficient and the curvature coefficient are 8.8 and 1.1 respectively, which is unfavorable for a good gradation. Too 
high content of coarse-grained particles or too low content of fine-grained particles are the main reason for the 
gradation defect. Adding small particles such as fly ash and loess in breaking coarse-grained particles can improve 
the gradation of gangues. 
(2) The anti-compression of gangue relates to the gradation evidently, and gradation depends on the index in 
Talbol formula. The experiment manifests that the anti-compression is best while the index in Talbol formula equals 
to 0.4. In continuous gangue gradation, there are evident differences among gangue anti-compression with different 
index n when the pressure is low, with the stress increases, differences reduce gradually until a stable value. 
(3) The stress-strain curve of gangue compression satisfies with logistic formula. The anti-compression is 
improved by 21% or more after optimizing the gradation by continuous grading program.  
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